This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEG[BLE TEXT 

• SFCEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PAi?ENT SPECIFICATION 

NO DRAWINGS 

Inventors', NICOLAAS DOST, HANS EDGAR STRAUSS and GERRIT TAN VAN 

AMERONGEN 




Dote offiilng Complete Specification Sepu 20, 1957. 

Application Date Nov, 23, 1956. 

Complete Speclpcation Published Oct. I^J960. 



851,119 

No. 35963/56. 



Index at acceptance: —Classes 1(1), A3B1 ; and 2(0), P7D1A, PZPflA: IB : IC: IF: IX • 3 • 4B 
6A). 

International Qassification : — BGIJ. COSf. 

COiMPLETE SPECIFICATION 
Improvemenitsi in or relating the iPolymerisatiom* 6£ Olefines 



We, Petrochemicals Limited, a British 
Company, of 170, PiccadiEy, London, W.l, 
do hereiby declare the invention, for which 
v/e fpray that a partent may be granted to us, 
5 and ths methtod by v/hich it is .to be per- 
formed, to be particiilarly described in and 
'by the folloiwing statement: — 

This invention relates to the polymerisation 
cf olefines by the so-called Zi^ler low-pres- 

10 sure process, which involves polymerisation 
of an olsffine in the presence of a Ziegler cata- 
lyst undsir a press«ure whicli is .below 500 
atmospheres and usually below 50 acmosiphexes 
e.g. 'Up to about 5 to 10 atmospheres. 

15 The term Ziegler catalyst as used herein 
means a Ziegler catalyst fonned by naising 
(or otherwise .bringing together) at least two 
Ziegler ca-talyst-fonn'in^ components and for 
the purposes of the present invention such 

20 catalysc-forming components axe defined as 
consisting of at least one "A" component 
and at least one " B " component, an A com- 
ponent being a compound of a metal of Group 
WA, VA, VIA or VlII of -the Periodic Qassi- 

25 ficatlon and particularly of Group P/A, VA 
or VIA thereof and more particularly of 
Group IVA e.g., ti-Lanium: and a B compon- 
ent being' a reducing agent selected from the 
Group i, II or M metals tin or lead, and also 

30 alloys of such metals; the organo-metallic 
compounds (or comple::es thereof) of Group 
I, n or in me'tals, tin or lead; the hydrides 
(or completes thereof) of Group I, II or III 
metals; and the organo-boron compOiUnds or 

35 addition complexes thereof, and pardoularly 
the organo-metallic compounds of Group III 
metals, eg., aluminium. The term "organo- 
metallic compound " means a compound (other 
th^n an inorganic metal carbide) in which the 

40 metal is direcriy attached to a carbon atom. 
Polymerisation by the Zieglex low-pressure 
process is described in for example U.K. 

[Price 3s.^^ 



Patent Specifications Nos. 799,392 ; 799,823; 
801,031; 819,867; 820^263 and 820,264, poly- 
merisation being efiEected conveniently, though 45 
not necessarily, in the presence of an inert 
non-aqueous liquid (e.g., a hydrocarbon) 
which is often referred to in the Ziegler art 
simply as an inert solvent. The present in- 
vention is particularly, but in no way exclu- 50 
sively, suited to the polymerisation of ethylene 
in the presence of a Ziegler catalyst formed 
by mixing an aluminium trialkyl or an alu- 
minium alkyl halide, in particular an alu- 
minium dialkyl monohalide, with a titani nm 55 
salt, e.g. titanium tetrachloride. The poly- 
merisation of ethylene in the presence of such 
a catalyst is described in Specification No. 
803,557, 

Examples cf Ziegler catalysts which can b^e 60 
used in -the Ziegler low pressure process with 
which the present invention is concerned axe 
those formed by mixing at least one com^ 
pound, preferably a halide for example a tetra- 
chloride or trichloride, of a metal of Groups 65 
rVA, VA or VIA and in particular Group 
IVA of 'die Periodic Table, e.g., titanium 
tetrachloride and/or trichloride with at least 
one of the following compounds: — 

(a) an aluminium triall^l — 70 

(b) an aluminium compound of the general 
formula RiR.AlX, wherein Ri and Ro 
are similar or drs similar and each repre- 
sents hydrogen or a hydrocarbon radi- 
cal and IL represents hydrogen, halogen, 75 
an allcyloxy or aryloxy group or the 
residue of a secondary amine or an N- 
substi tuted amide, * mer cap tan, thio- 
phenol; <arboxyHc acid or sulphonic 
acid — 80 

(c) magnesium? and zinc allcyls and Grig^ 
nard compounds. 

If a compound of the general formula 
RxRsAlHal is used, the metals of Groups IVA 



BNSDOCtD: <GB 851 n9A_I_> 



851,119 



to VIA the Periodic Table may ht replaced 
by a metal biloagins to Group VTEI of the 
Periodic Table, such as nickel, cobalt, or 
platinum; or by manganese. 

5 Accarding to the present invention a 
Ziegler lov7-pressure process for preparing a 
polyolefins, particularly but net exclusively a 
polyethylene, is orcvided in v/hich an oletine 
is polymerised vArU the of a Ziejler cata- 
^ 10 ly^I (as herein defined), wh:;:rein a minor pro- 
portion relative to the oleSne polymerised or 
a boron halide is addad to tlie polymerisaticn 
zone or to a component (such as the olefme 
to be poiymerised, of the solvent (when used) 

15 or the formed Ziegler catalyst) supplied to 
the pclymerisation zone. 

It has been found that by carrying out a 
Ziegler low-^pressure olefins polymerisation 
process in ±e presence of a minor proportion 

20 of a boron halide relative to the define (which 
is preferably ethylene) efTective and flexible 
control of the molecular weight of the result- 
'm^ polymer product may be ob-rained. Thus 
in'' accordance with the present mvention a 

25 Ziegler low-pressure olefine polymerisation 
process may be carried cut in the prestnce of 
a minor propordon o2 one or more of the 
following compounds: baron trifluoride, boron 
trichloride, baron tribromide and baron tri- 

30 iodide, of which boron trifiuoride is at pre- 
sent preferred. . 

An olefine is advantageously polymerised 
in accordance with the present invention by 
forming a Ziegler catalyst by mbring either 

35 aluminium tri-isobutyl or alummium di-ethyl 
monochloride -with titanium tetrachloride m 
die presence of an essentially non-aromatic sol- 
vent, forming a caralyst-containing reaction 
medium by^'diluting the resulting catalyst 

40 mixture with further solvent and effecnng 
polymerisation by passing an define contain- 
ino* a minor proportion of horon^ trii^uonde 
through die reacricn medium mainiained at 
for example 40'^ C. The amcun: of boron 

45 halide additive such as boron trifiucnde re- 
quired is, in general, relatively email, tor 
Scample of the order of 1% or below by 
wddit cf the olefine pohnnerised Thus the 
amoun-r of boron halide employed is con- 

50 venlendy between O.OQi and 10 molar p^r 
cent of the olefine polymerised; preicr^bly it 
is between 0.002 and 1 molar per zznt oi the 
olefine polymerised. It wiU be und^rsrocd 
that the amount of borcn halide required m 

55 a particular low-oressure Ziegler polymsrisa- 
tion process will usually be depend;nr to 
some eS:tent on the nature cf the catalyst- 
forming components employed in xoimin^ t^^e 
Ziegler catalyst used: and also the relative 

60 molar proportions in which the caralyst-form- 
ino- components are mixid, as well as on the 
polymerisation conditions in general. Hence 
wW applying die process of di^ present m- 
vention to a given olefine polymerisation pro- 

65 cess an initial trial may often be necessary 



to ascer:ain the optimum amount cf halide 
e.g., boron trifiuoride to be used. ^ The 
cmount of polymer formed in the particular 
low-pressure process per se i.e., without using 
the boron halide additive of the pre-.ent in- 70 
vention^ may be taken as a basis and then 
polymerisation is ejrried out with say 0.002 
molar per cent of e.g. borpn trifiuoride based 
cn the molar quantity of olefine equivalent to 
the amount of pol^'iner formed. la this con- 75 
nection it should be noted that ihe presence 
of the boron triiluoriie may alter the yield of 
polymer scmewhatj and this factor may there- 
fore hive to be taken into account when cal- 
culating the amount of boron trifiuoride to be 80 
used in tlie subsequent run. 

Polymerisation is conveniently carried out 
using a reaction medium comprising the cata- 
lyst dissolved and/or suspended in a liquid 
satura:ed hydrccarbcn e.^, iso-ociane or a 85 
light petroleum distillate boiling at about 100*^ 
the catalyst being obrained by mixing alu- 
minium diethyl monochloride and titanium 
tetrachloride as the catalyst-forming compon- 
ents, each component being present to the 90 
eriL^nt of 2 to 20 miUunol^s and preferably 
about 5 millimoks per litre (Le. a molar ratio 
of AhTi cf about 1:1% and the amount of 
boron trifiuoride is preferably between 0.05 
and 2.0 moles per mole of titanium in the 95 
catalyst. 

Boron trifiuoride may be supplied to the 
polymeris:idcn reaction medium cither by 
direct addition to the olefine feed or as a separ- 
ate feed, preferably in admixture v/lih a lOO 
liquid diluent such for example as the solvent 
present during polymerisation in view of the 
small quantities of boron halide additive re- 
quired. 

The present invention is applicable to both 
batch and ccntinucus operation and it will be 
appreciated that continuous operaticn offers 
mere than cne feed 3tr;^am to v/hich the boron 
halide may be add.'d continuously at either a 
consLant or a varying rate; alternatively it can 
be added intermitrendy d'jring the course of 
olefine T:cl7mericaticn. In batch operation 
the bcro'n halide may be added to the catalyst 
mixture or to the solvent before polymerisa- 
tion 13 commenced. 

The Ziegler catalyst employed in olefine 
polymeri:ation in accordance with the present 
invention can be prepared in the presence of 
the boron halide additive, and according to 
a further feature cf the presen: invention^ a 
Ziegler catalyst is formed by mi:tiR7 an alu- 
minium triallcyl or an aluminium aikyl halide 
with a titanium salt (preferably a uranium 
halide. eg. a tetrahaiide) in the presence of a 
boron halide. the amoun: cf said boron halide 
not exceeding about 5 moles per mole of tita- 
nium. Preferably the organc -aluminium 
compound is an a-.uminium dialkyl mono- 
chloride and the titanium salt is titanium retra- 
chbride. 
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The tsdmique employed for polymerising 
oLefinas hy the low-pressure process iising a 
Ziegler ca-talyst has- already -been described. 
Thus in polymerising ethylene by the 2^egler 
5 process the ethylene at low-pressure^ e.g. up 
to about 4 — 5 atmospheres, is conveniently 
passed into a dispersion of the catalyst in an 
inert liquid hy^ko carbon medium: whiohi is 
maintamed at an elevated temperature con- 

10 veniently between about 30 and 50? C, e.g. 
^ajDout 35 — 40** C.^ the polymerisation being 
carried out in a jacketed vessel fitted with a 
stirucr. Polymerisation can (be carried out 
batchwise 'by adding the tequLred amount of 

15 catalyst to the hydrocarbon medium and then 
ibubbling in ethylene until the reaction slurry 
■which is formed during polymerisation be- 
comes too t±dck CO stir, or contin'uously by 
providing means for adding fresh catalyst con- 

20 tinuously or intermittently to the reactor and 
a draw-off line at the bottom of the ire3^c^or 
through which reaction slurry can be re- 
moved petrio-dically for working-up to isolate 
and purify the resulting polyethylene. In 

25 oontinnous operation frcsli hydrocarbon 
medium is supplied to the reactor during 
polymerisation in order to maintain- a sub- 
s£tantially constant slurry concentration therein. 
The catalyst concentration in the reaction mix- 

30 ture can be varied within relatively wide 
limits, though it will ha appreciated that for 
economic reasons it is advantageoois to employ 
the mi-nrniuTn: concentratiotn required to pro- 
duce a desired yield and rate of polymerisa- 

35 tion. It is convenient to express the cata- 
lyst conccntradon in terms of the conccncra- 
tion of titanium tecnihalide in millimales per 
litre of reaction medium and in such cases it 
is usually sufficient to use a catalyst concentira- 

40 tion cf ieoween about 5 and 30, and prefer- 
ably between about 5 and 15 millimoles of the 
titanium tetrahalid'S per litre. 

Polymerisation can be effected with, ease 
at moderately elevated temperatures, for ex- 

45 ample about 40° C, and at ordinary or some- 
wlmt elevated press-ures of the order of several 
atmospheres ox even higher. 

The immediate polymerisation product is 
frequently a browm-coloured slurry compris- 

50 ing a suspension of the polyethylene in the 
solvent which also contains the catalyst, and 
this slurry is then treated with a reagent such 
as methanolic hydrochloric acid to decompose 
the catalyst to give soluble products whicib 

55 can be removed by separating the methanoUc 
phase and washing the resulting while poly- 
mer product with aqueous ■solutrons containing 
• small amounts, e.g., 1% hy weight, of add 
and allcali respectively. Pinally the polymer 

60 product is dried and processed as desired, 
e.g., iby extrusion into nibs> for marketing. 

Although for the purposes of the present 
invention it- is possible to use as .the define 
feed a technical grade define obtained from 

<W industrial sooiroeSa e.g.^ refinery operations^ 



and containing the usual impurities, it is gen- 
erally preferred to achieve high purity in the 
define fesd, the catalyst-forming components 
and 'the solvent for the polymerisation medium 
which may the a liquid hydrocarbon or certain 70 
halcgenated hydrocarbons. Tlius although 
small quantities of other defines whicb will 
polymerise or copolymeri-se with ethylene can 
often ^3e tolerated, it is desixable to use an 
olefine (or olefine mixture) which is as free 75 
as is practicable from all oilher unsaturated 
hjndrocarbons and also any non-hydrocarbon 
organic compounds; and the ^ame considera- 
tions apply broaidly to the solvent. In the 
olefine feed the quantity of all impurities (dis- 80 
regarding hydrogen and saturated hydrocar- 
bons), should preferably be reduced to less 
than 30 parts per mi'Uion by weight (e.g., 
acetylene 1 pan per million, oxygen 15 pares 
per million and carbon monoxide 5 parts per 85 
million). 

The purification of the olefin* feed and the 
solvent employed in the process may be car- 
ried out in any way convenient, e.g., by treat- 
ment with catalyat-iSorming components as 90 
described in the Specification- of British Patent 
Application ^ No. 33,097/55 {Serial No. 
81 5^10) or in the case of the solvent by treat- 
ment (With concentrated sulphuric acid fol- 
lowed by water-washing and distilling over 95 
calciimi' hydride or sodium under nitrogen. 
Treatment of the olefin-e v/ith ammoniacal 
cuprous chloride or catalytic hydrogena'Lion 
with a platinum catalyst may be employed to 
eliminate acetylene from the olefine feed. 100 

In certain cases an impurity in the form of 
a compound or compoimds selected from a 
group comprising Lewis bases (the term 
"Lewis base" is defined in the specification 
of our copending British Patent Application 105 
No. 23,906/56 (Serial No. 815,113)) and 
compoimds having an active hydrogen atom 
in the molecule, i.e., a hydrogen atom which 
can be substitutec} as a result of reaction be- 
tween the compound and a metal or m°'tal 110 
salt (as described in the specification of our 
copendmg British Patent Application No. 
23,907/56 (Serial No. 515,112)) may be pre- 
sent as impurity in the olefine to be polymer- 
ised or in some other constituent of the re- 115 
action mixture, e,g., the organic solvent used 
in ±e Ziegler polymerisation. Such im- 
purities usually bave a modifying eSect on 
the molecular .weight of the resulting poly- 
olefine and consequentiy in some cases it will 120 
be desixable to remove substantially all Lewis 
bases and/or hydrogen-active compounds 
from 'the olefine or other compontnt(s) of the 
reaction medium prior to adding the boron 
halide to the reaction miarturc. 125 

According to a further feature of the present 
invention a Ziegler low-pressure process for 
preparing a polyolefine is 'carried out under 
conditions in which the mavj^niTm permissible 
concentration in the reaction mixture of a 130 
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Lewis base (or bases) or a compound (or 
compounds) having an acriva hydrogen atom 
in the molecule and T^^hich is/ar^ present as 
impurity in the olefine or other component 
supplied to the polymerisation zone is below 
about O.COl molar per czni of the amount of 
olefine polymerised. 

Since a gaseous olefine is generally poly- 
merised by pasing the gas through a poly- 
merisation zone containing a liquid phase 
reacdon mixture under conditions in which 
only a proportion of the gas may tal:e part in 
the polymerisation reaction, it will be appre- 
ciated dia: only a proportion of the boron 
halide additive such as boron trifluoride whivrh 
has besn added to the gaseous olefine feed 
may be effecdve as a moleeular weight modi- 
fier and consequently it is advisable when 
employing such a technique to determme 
experimentally the amount of gaseous boron 
halide additive to be employed in order to 
achieve a particular ellect in the polymerizji- 

non. .„ J u 

The present invention is illustrated oy tae 

following example: — 

EaxUIPLE. 

A polymerisation reactor provided witii a 
stirrer, a dip tube for admission cf ethyien? 
and means for heating or cooling the reacror 
was u"=2d. A suspension of a Zie^ler catalyst 
in iso-QCL-ane was prepared in the reactor by 
addin' an iso-oetane solution oi diethyl aiu- 
minium monochloride to an iso-octane solu- 
tion of titanium tetrachloride and m.sang 
the components at 20" C. under an atmos- 
nhere of ethylene. The quantities of the cata- 




by an'Al/Ti conceau'ation cf 6.5/ 
moles per litre of iso-octane. The caralyst sus- 
pension was then rapidly heated to the poiy- 
merisation temperature of 40^ C. and ethylene 
containing traces of acei^Iene and 1;^ of 
boron trifluoride was passed tnrcugh it ior ^ 
hours. The resulting polymeric product was 
then wcrkcd-up by n-eatmeni: with acinic 
nie±anal, washing and drying to give a poly- 
mer cf intrinsic viscosity 2.1 as compared 
with a polymer cf intrinsic viscosity 2.6 
ob^-ained" under otherwise identical conditions 
but in the absence of the boron trifiuonde. 
WH/iT WE CLALM IS : — 
1 A Ziegler lew-pressure process for pre- 
paring* a polyolefin- in which an oleSne is 
polymerised with die aid cf a Zeigler catalyst 
(as herein defined), wherein a minor propor- 
tion relative to the olenne polymerised Ol a 
boron halide is added to the polymansation 
zone or to a component supplied to tiie poly- 
merisation zone. , . ^, . , t. 

2. A process as claimed in Claim I, wnerc- 
UL the amount of said boron halide is not 
more than about 1% by weight of the olefine 
polymerisqd. , 

3, A process as claimed m Claim i or 



Claim 2, wherein the olefine is ethj'lene. 

4. A process as claimed in any one of the 
preceding claims^ wherein said boron halide is 
boron trifluoride. 

5. A process as claimed in Claim 4, wherein 70 
the amount of boron trifluoride employed is 
between 0.002 and 1 molar per cent of the 
olefine polymerised. 

6. A process as claimed in any one of the 
preceding claims, wherein the Ziegler catalyst 75 
used is one formed by mixing tfri'aftuminium 
trialkyl or an aluminium aikyl halide with a 
titanium trihalide or tetrahahde. 

7. A process as ciaimed in any one of the 
precedms claims, wherein the Ziegler catalyst 80 
is one formed by mixing aluminium diethyl 
monochloride wirh titanium tetrachloride. 

8. A process as claimed in any one of the 
preceding claims- wherein polymerisation is 
carried out under conditions in which the 85 
maximum permissible concentration in the 
reaction mixrure of a Lewis base (or bases) or 

a compoimd (or compounds) having an_ active 
hydrogen atom in the molecule and which is/ 
are prescn: as impurity in the olefine or other 90 
comnoneni: supplied to the polymerisation 
zone"" is below abcur O.OOl mclar per cent of 
tht amount oi olefine polymerised. 

9. A nrocc35 for preparing a polyethylene 
substanualiy as hereinbefore described with 95 
ST^icial reference to the example. 

10. A polyolefini when prepared by the 
process claimed in any one of the preceding 
claims. 

11. A Ziegler caralvit formed by mixing 100 
an aluminium trialkyl or an aluminium alkyi 
halldc v;ith a titanium salt in the presence 

cf a bcron halids in an amount nor exceeding 
about 5 moles of titanium. 

12. A Z:egl:r catalyst as chimed in Claim 110 
llj whcre:n""the titanium salt is a titanium 
halide. 

13. A Zeigl.r catalyst as claimed in Claim 
12, wherein said halide is a terrahalide. 

14. A Zeigler catalyst as claimed in Qaira 105 
12 or Claim 13> wherein said halide is a 
chloride. . . 

15. A Ziegler caralysr as claimed m Claim 
14, wherein the organc-aluminium compound 

is an aluminium dialkyl monochloride and the 110 
titanium salt is titanium tetrachloride. 

16. A proc:3s for preparing a polyolefine, 
which comprises pclj-mensing an olefine by 
the Ziegler low-pressure process usin? a cata- 
lyst as claimed in any one of Claims 11 to 115 

17. A process as claimed in Claim- 16, 
wherein the olefine is ethylene. ' 

18. A pelyetiiylene when prepared by the 
process claimed in Claim 17. 120 

DOWNHS & ROEBIKS, 
Chartered Parent Agents, 
St. Helen's Court, Great St. Helen's 
London, E.C3, 
Agents for the Applicants, 
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We> Petrochemicals Limited, a Britisli' 
Company, of 170, PiocadiUy, London, W.l, 
do hereby declare this invention to be des- 
cribed in the following statement; — 

The present invention relates to the poly- 
merisation of olefines by a so-called low pres- 
sure polymerisation process, i.e. a process 
involving polymerisation of the olefin, for 
ejumple ethylene, propylene or butylene, or a 
mixture containing two or more such olefins, 
in the presence of a catalyst and -under a pres- 
sure of belciw 500 atmospheres^ the term 
" low-pressure -being used in order to dis- 
tinguish the process broadly from known pro- 
cesses of olefin polymerisH'tiott under ptressures 
oif the order of 1000 atmospheres or more. 
Examples of catalysts which can- be used in 
such low pressure polymerisation processes 
include catalysts formed by mixing two or 
more catalyst-forming components, said com- 
ponents comprising at least one compoimd 
of a metal of Groups IV to VI of the Periodic 
Table and at least one of the following com- 
poiunds : — 

(a) an aluminium tiriailcyl 

i^b) an aluminium compound of the general 
formula RtR* AK, wherem Ri and R. are 
similar or dissimilar and each represents a 
hydrogen atom or a hydrocarbon radical and 
X represents a hydrogen atom, a halogen 
atom, an aUcyloxy group or an aryloxy group 
or the residue of a secondary amine or amde, 
mercaptan, thiophenolj carboxylic acid or sul- 
phonic acid 

(c) magnesium and the zinc alkyls and 
Grignard compounds. 

If a compound of the generd formula RjR. 
AiHal is used, the metals of Groups IV to VT 
of the Periodic Table may be replaced by a 
metal belonging to Group Vm of the Periodic 
Table, such as nickel, cobalt, platinum, <^ by 
manganese. 

The present invention relates particularly 
tot not exclusively no the polymerisation of 
ethylene by the low-pressure method (herein- 
after referred to as " Ziegler polymerisadon- "> 
as described, for example, in die specification 
of British Patent Application No, 20S3/55 
(Serial No. 803,557) whereby ethylene is 
polymerised in the presence of a Zicglcr 
catalyst formed by a mixture of catalyst-^oinm- 
ing components comprising a titanium salt 
and an aliiminium tri-alkyl or an aluminium 
di-alkyi monohalide. 

According to^thc present inveiition an ole- 
fine, preferably a highly purified olefine, is 
polymerised by a low-pressure polymerisation 
process in the presence of a minor proportion 
of a halide of an element of Group IIEB of 
the Pciriodic Classification. 

The important elements of Group HIB of 



the Periodic classification, at least in so far 
as the present Hnvention- is concerned, are 
boron and aluminium, and it has been found 
that by carrying out a low-pressure polymeris- 65 
ation of an olefine and particularly ethylene 
m the presence of a minor proportion of a 
boron or aluminium halide an effective and 
flexible control oif the molecular weight of the 
polymer product may be obtained. Thus in 70 
accordance with the present invention a low- 
pressure olefine polymerisation process may 
be carried out in the presence of a minor 
proportion of one or more of the following 
oampo'unds: toron trifluoride, boron tri- 75 
chloride, boron tribromide, boron tri-iodide, 
aluminium fiuodde, aluminium' chloride, alu- 
minium 'bromide or aluminitmi iodide. Of 
these halides boron trifiuoride and aluminium 
chloride are zt present preferred. 80 

An olefine is advantageously 'polymerised in 
accordance with the present invention using 
a catalyst formed by mixing either aluminium 
tri-isobutyl or aluminium di-etliyl mono- 
chloride with titanium tetrachloride, poly- 85 
merisation ibenig carried out in the presence 
of a minor proportion of boron trifluoride or 
aluminium chloride, and if desired, boron 
trifluoride and aluminium chloride may be 
present together in the reaction misturc. 90 

The amoxmt of halide additive snch as 
boron triauoride or aluminium chloride 
required is, in [general, relatively small, for 
example of the order of 1% or below by 
weight of the olefine feed. Thus the amount 95 
of boron or aluminium halide employed is 
conveniently 'between 0.001 and 10 molar per 
cent of the olefine which is polymerised; pre- 
ferably it is between 0.002 and 1 molar per 
cent of the olefine which is polymerised. It 100 
will be understood that the .amount of boron 
or aluminium- halide required is a particular 
low-pressure polymerisation process will usu- 
aDy be dependent to some extent on the nature 
of the catalyst-forming components employed 105 
and their relative molar proportions, as weU 
as on the reaction conditions in general. Hence 
when applying the process of the present 
invention to a given olefine polymerisation pro- 
cess, an initial trial may often be necessary to 110 
ascertain^ tlie optimum amount of halide e.g. 
boron trifliuoride or aluminiimx chloride to be 
used. The amount of polymer formed in the 
particular low-pressure process per se, i.e. 
without using the process of the present inven^- 115 
tion, may be taken as a 'basis and then poly- 
merisation is carried out with say 0.002 molar 
per cent of boron trifluoride or aluminium 
chloride based on the molar quantity of ole- 
fine equivalent to the amount of polymer 120 
formed. In this connection it should be noted 
that presence of the fluoride or chloride may 
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alter the yield of polymer somsrwhat, and this 
factor may -diersruru hav*: to bs taken into 
account v/hsn calculating the amcunt of 
fluoride or chloride to hz used in the subse- 

5 quent run. 

When polymerisation is carried cut in the 
liquid phase, i.e. with tlie catalyst dissolved 
and/or suspended in solvent such as a satur- 
ated hydrocarbon e.g. isc-o^ta'ne^ using ahi- 

10 Tn^nhiTn diethyl monocbloride and :itaniura 
tetrajhlcrid2 es ase /catalyst-forming com- 
pcnentSj each ccnipound being present to the 
QKicat of 2 to 20 millimols and prefsrably 
about 5 niillimols per litr^ (i.^. a molar ratio 

15 of AliTi and about 1 : 1) the amount of bnron 
trifiuDride or aiuminiuni cliloride is prefer- 
ably between 0.G5 and 2.0 milliniols per mol 
of aluminium or titanium in the cataly^L 
Normally gaseous halidcs such as borcn tri- 

20 fiuoride may be supplied to the polymerisation 
reaction medium eicher by addition to the 
olefihe feed or, as with the other halides, 
as a separate feed, pr-eferably in admixture 
with a liquid diluent, such for example as 

25 the solvent present during polymerisation, in 
view of the small quantities required. 

The present invention is applicable to both 
batch and continucus operation and it is clear 
that continuous operations offers more than 

30 one feed stream to which the halide may be 
added continuously at either a constant or 
a varying rate: alternatively it can be added 
mitermittently during the course of define 
polymerisatioa- In -batch operation the halide 

35 may be added to the catalyst mixture or^ to 
one of the optional components of the reaction 
mixture, e.g. to the solvent, before polymerisa- 
tion starts. 

Although for the -purposes of the present 

40 invention it is possible to use as the olefine 
feed a technical grade olefine containing the 
usual impurities, it is generally preferred to 
use a very pure olefine and also very pure 
catal3rst-forming components as well as very 

45 pure optional components of the polymerisa- 
tion reaction mixture su^h as a solvent which 
may -be a liquid hydrocarbon or certain halo- 
geneated hydrocarbons. Thus^ it is desirable 
to use an olefine (or olefine mixture) which is 

50 as free as is practicable from all other un- 
saturated hydrocarbons and also any non- 
hydrocarbon organic compounds; the same 
considerations apply broadly to the optional 
components of the reaction mixture such as 

55 the organic solvents. In the olefine feed the 
quantity of all impurities (disregarding hyd- 
rogen and saturated hydrocarbons), should 
preferably :be reduced to less than 30 ppm. 
by weight (e.g. acetylene 1 ppm., OJiygcn 15 

60 ppm and carbon monoxide 5 ppm). 

The purification of the olefine feed and 
the solvent employed in the process may be 
carried out in any way convenient, e.g. by 
treatment with catalyst-forming components 

65 as described in the Specification of British 



Patent Application No. 33097/55 (Serial No. 
815,310; or by treatment with sulphuric acid 
(using dilute acid to treat the olefine and more 
concentrated acid to treat the solvcn:) and 
then distilling over calcium hjxiride. 70 

Treatment of the olefine wirh ammoniacal 
cuprous cblorid- or catalytic hydrcgenation 
may be emploj'-ed to eliminare acetylene from 
the olefine feed. ^ 

In certain cases an impurity in the lorm 75 
cf a comround ar compcands selected from -a 
group comprising Lewis buses (a Lewis base 
is a corarouna having in the molecule an elec- 
tron pair available for sharing) and com- 
pounds having an active hydiogfn atom in 80 
the malecule, i.e. a hydrogen atom which can 
be substituted as a result of reaction between 
the compound and a metal cr metal salt, may 
be preseu: as impurity in the olefine to be 
polymerised ox in some c±er constituent of 85 
thz reaction mixture, e.g. the orgaiuc solvent 
used in the Ziegler polymerisation. Such 
impurities usually have a modifying effect on 
the molecular weight of the resulting poiy- 
olefine and consequently in seme such cases 90 
it will be desirable to remove subsLantially all 
Lewis bases and /or hydrogen-active com- 
pounds from the olefine or other components) 
of the reaction medium prior to adding the 
boron or aluminium halide to the reaction 95 
mixture. 

According to a further feature of ^e pre- 
sent invention an olefine is polymerised by 
a low-pressure polymerisation process under 
reaction conditions in which the maximum 100 
permissible amount of a Lewis base (or bases) 
or a compound (or compounds) having a 
hydrogen active atom in the molecule and 
present as impurity in the olefine or some 
other component of the reaction mixture, is 105 
below about 0.001 molar per cent of the 
amount of olefine polymerised under the reac- 
tion conditions. 

Since the olefine to be polymerised is gener- 
ally passed as a gas through the liquid phase 110 
reaction miscture and under conditions in 
which only a proportion of this gas may take 
part in the polymerisation reaction, it will 
be appreciated that only a proportion of boron 
trifltioride in a gaseous olefine may be effective 115 
in acting as a molecular weight molifier. 

The present invention is illustrated by the 
following examples in which the parts are by 
weight unless otherwise stated and the rela- 
tionship between the parts by weight and 120 
the parrs by volume is that which subsists 
between the kilogram and the litre. 

Example L 
A suspension of a Ziegler catalyst in iso^ 
cctaine was prepared as follows. Titanium 125 
tetrachlcride and aluminium diethyl mcno- 
chloride were mixed with a suspension of 
0.5 parts of polyethylene in 15 parts by 
volume of iso-octane for 20 minutes at 40° 
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C., the relative amoimts of the catalyst-fonn^ 
ing comopenents beiii«; sufficient to give an 
Al/Ti xatio of 1 and a concentration of 100 
miilimols per litre. The polycthyleine formed 

5 a support on which the catalyst Tvas precipi- 
tated during the mixing period. Further iso- 
octane .was then added to give a catalyst sus- 
pension in 300 parts Iby vokme of iso-octane 
haviag a catalyst concentration of 5 tnillimols 

10 per litre. ALumininnT chlcxridc was then added 
thereto in amount to give a concentratioai of 
5 miilimols per litre of catalyst suspension. 
The system was maintained at 40** C. and a 
stream of aoetylene-free ethylene passed 

15 through it for 2 hours. The resulting poly- 
meric product was then worked-^p in the 
usual way to decompose the catalyst and to 
isolate the polymer. Nineteen parts of poly- 

^ ethylene of intrinsic viscosity 2,4 were 

20 obcaanedi as compared with an intrinsic vis- 
cosity of 3-.5 of polyethylene produced under 
otherwise identical conditions in the absence 
of the aluminium chloride. 

Example H. 
25 A suspension of a Zeigler catalyst in iso^ 



octane was prepared 'by adding an iso-octane 
solution of diethyl ahirninium- monochloride 
to an isooctane solution of titanium tetra- 
chloride and' mixing the componeats at 20° 
C. tunder an atmosphere of ethylene. The 30 
quantities of the catalyst-forming componemts 
were such as to give a catalyst having an Al/ 
Ti ratio as represented by aa AI/Ti concen- 
tration- of 6.5/5.0 miilimols per litre of iso- 
octaine. The catalyst suspension was then 35 
rapidly heated to tiie polymerisation tempera-.,, 
ture of 40® C. and ethylene containing traces' " ' 
of acetylene and 1 % of boron trifluoride was 
passed through it for 2 hours. The resulting 
polymeric product was then worked^ip to 40 
give a polymer of intrinsic viscosity 2.1 as 
compared with a poljrmer of intrinsic vis- 
cosity 2.6 obtained under otherwise identical 
conditions but in the absence of the boron 
trifluoride. 45 

DOWNES & ROBBIN-S, 
Chartered Patent Agents, 
St. Helen's Courts Great St. Helen's 
Londionj E.C3. 
Agents for the Applicants. 
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